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IGOR K. KOTLIAR 


This application claims the benefit of the filing date of the Provisional Application # 60/461450 
5 filed 9 April 2003 and ig^ontimialion in part of US patent No. 6,401,487 "Hypoxic Fire 

Prevention and Fire Suppression Systems with Breathable Fire Extinguishing Compositions for 
Human Occupied Environments" issued 1 1 June 2002, U.S. Patent No. 6,418,752 "Hypoxic Fire 
Prevention and Fire Suppression Systems and Breathable Fire Extinguishing Composite for 
Human Occupied Environments" issued 16 July 2002, and US Patent No. 6,502,421 "Mobile 
10 Firefighting Systems with Breathable Hypoxic Fire Extinguishing Compositions for Human 
Occupied Environments" issued 7 January 2003. 


FT ft n OF THF. INVENTION 

15 The present invention introduces the method, equipment, and composition of Hypoxic Aircraft 
Fire Suppression System (further referred as HAFSS) that utilizes breathable hypoxic gas 
mixtures to: 

• Provide inerting of fuel tanks 

. Provide fire-preventive or suppressive environment in the cargo compartment 

• Provide fire-extinguishing atmosphere in the passenger cabin 

• Provide a safe and reliable emergency oxygen delivery system 


20 


With its mode of action based on the controlled release of hypoxic air, this human-friendly 
system is completely non-toxic, simple and reliable. Consequently, it is ideally suited to prov.de 
complete fire protection inside any aircraft. 
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rmsfTRTPTTON OF PR TOR ART 


One of the main safety deficiencies in the passenger airplanes that still remains unresolved is a 
lack of proper fire fighting and fire preventing equipment. 

5 

In fact, it is not the flames associated with fire that can kill most aircrews and passengers in case 
of fire onboard, but rather the smoke, saturated with toxins such as: benzene, sulfur dioxide, 
formaldehyde, hydrogen chloride, ammonia and hydrogen cyanide. Although these and other 
chemicals are lethal, most victims die from carbon monoxide. This color- and odorless gas 
10 produced in abundance during fires, especially in enclosed compartments with insufficient 
ventilation, is extremely fatal even in small concentrations of less than one percent. 

Toxic combustion products released in an enclosed compartment such as an aircraft cabin with 
no readily available escape means are of major concern in the air transport facilities. This 
15 concern is of particular importance for passenger aircraft, because of constantly growing airplane 
capacity and increasing number of passengers that may be exposed. 

The proliferation of toxic chemicals in modern advanced materials results in a cabin design 
completely made of plastics, fabrics, wiring and linings that can only be extremely dangerous 
20 when they are heated sufficiently to produce gases. Chances of survival in a toxic environment 
like this are limited to only a few minutes. Statistical analysis for the last decades shows, that 
about 70 - 80 percent of fire fatalities result from toxic smoke inhalation. 
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A modern passenger aircraft is fully saturated with electric and electronic equipment, 
interconnected by many miles of wires and cables. Emergencies of various origins can lead to 
electric shortcut with consequent inflammation of the insulating coat and surrounding flammable 
materials. This is followed by a massive production of toxic aerosols, which poses the main 
hazard, according to human fire fatality experience. 

While the most important for aircraft survival systems, such as gas turbines and fuel tanks are 
sufficiently equipped with automatic fire - fighting systems, the passenger cabin and cockpit 
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Really h* fire - P— — Use of «M fire - ex,,— —O*. 
„a,o„ 2000 or similar, canno, resolve «he problem, because of , fie h,gfi .oxrcrty f he produce 
of** pyrolysia. Wed Sm.es Paten, No. 4,726,426 (MiUer) .eaches sucfi method of fire 

system, whieh would expose passengers ,o penally lethal combinations of smoke, fire 
suppress and highly toxio produets of their pyrolysia 

,» ease of fire onboard, pilot, must complete ,be emergency chechlis,, in order to localize the fir. 

2 afier fire firs, report of smohe tiUtfie crush, while ,he standard chee« needs 30 mm ,o be 
completed. 

It is opposed ft. oxygen masks would save passengers and aficrew from toxic inhalations fr, 
5 ^i^eafi.inepi.o.s^i^ed^r.^easefi^n^^^enaxo^oxyg^ 
f.rewouidexacerba.e.hesin.a.ioo.Moreover.ftesemasks^praoficnUyuseiessaga.ns. 

combusts poisonous gases. S,andard oxygen masks for passenger aircrew and passenger 
have openings inthen, to mix fine cabin afr with ,he oxygen supply, .he.by aHowmg a due* 
rou ,e fir M gases ,o reach .he .nngs. Furthermore, «he oxygen suppiy h a passenger a^fr 
,„ provides less than 20% of ,he oxygen flow required for respiration and lasts only for a few 
minutes, after which everybody has to die, 

Ahernafive increasing of .he fiesb air supply, as offered in ECHO Air systen, of Moor Ah 
Technologies fire, in Canada, will on.y propaga«e a fire and accelerate leftal.* tb- patent 

Claiming an improviug of.be fite ,hey practically in.prov.ng oxygenase of a fire source. 
30 average, one US airliner a day made an enwgenc, landing because of a short «cu„, wh,cb led 
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to sparking, with resulting smoke and fire in the pressurized cabin. Faulty wiring is the leading 
culprit. 

Some organizations have taken drastic action to deal with the problem. In 1987, the US Navy 
ordered the removal of the most vulnerable wiring from its planes, and in 1999 NASA grounded 
its entire fleet of space shuttles when a wiring fault led to a launch being aborted. Yet every day, 
millions of passengers are still carried by commercial aircraft that are equipped with old wiring 
that cannot be properly tested for faults. In the US, the Federal Aviation Administration (FAA) 
has been mounting a probe into the problems that may afflict aircraft that have been flying for 
more than 20 years. The Aging Aircraft Program has been running since 1988, prompted by an 
accident in which part of the roof peeled off an elderly Boeing 737 in the sky over Hawaii. In the 
1996, TWA flight 800 came down off the coast of Long Island, killing all 230 people on board. 
Faulty wires inside a fuel tank were blamed as the most likely cause of the explosion. In the 
wake of that crash, checks on other airlines around the world led to the discovery of several other 
airplanes in which the insulation on aging wiring leading to sensors in fuel tanks had rubbed 
away through vibrations, or had been damaged during routine maintenance. 

A practical solution of the problem was already previously provided in the US patents No. 
6,401,487 and No. 6,418,752, which teach a possibility of establishing a hypoxic fire-preventive 
environment on board of an aircraft during its operation. A fire-suppression system employing a 
low-pressure storage of the hypoxic fire-extinguishing agent was also described, which provided 
a base of the current invention. 
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SUMMARY THF. INVENTION 

The principal objects of this invention are as follows: 

. The provision of an aircraft fire prevention and suppression system that overcomes the 
above-described deficiencies in the prior art. 
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. neprovWonofanonboard.ys.em.ha.altows.oco^yge^.mghypox.cauman 

* separation device utilizing the ptessute and the flow of the engine's Weed an, 
. The provision of .he medtod and . sy,,em Ann allow to simultaneous,, providing a fire- 
preventive atmosphere in fuel tanks, cargo compartments and, in case of emergency, ,n 
5 the passenger cabin. 

. The provision of a method and equipment to instantly produce and maintain for as long 
as needed a fire-suppressive hypoxic atmosphere in the cabin of an aircraft, safe .0 breath 
without respiratory-support means. 
. The provision of a method and a system for extinguishing fires uaing water mis, or foam 
10 propelled by hypoxic air. 

. The provision of a reliable emergency oxygen deliver system that deploys automatically 
in case of fire or cabin depressurization. 


RP.TF.F DESCRY-ON OF THE DRAWINGS 

FIG. 1 presentsaschematic view of the fire prevention and suppression system integrated into 
diverse compartments of an aircraft. 

FIG. 2 illustrates an alternate installation scheme of the system for fire prevention or 
suppression. 

pp^PT PTTON OF THE INV ENTION 
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This tenable and low-cos, solution will allow designing and building fire safe aircraft and is 
parfculatly valuable by allowing converting ntos, of existing passenget airplanes tnto a fite- 
25 protected aircraft. 
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Fig , showsaschemallcviewoflhesystem ,0 imegraed - «*- » ^ 
JL* cabin 11, cargo compartmen, ,2 an, fa. -» 13 and 14. All atrcran components 
shown schemalically and may vary depending on the aircraft type 

the ventilation piping 22 of the cabin 1 1, modu e ,9 wdh m», 

.9 utilizes pressure and the flow of the bleed air for separating it into 
The air separation module 19 utiltzes pressu 

mtotneoutsiaeaim v Hthprrew 0 DA or hypoxic air having oxygen 

is possible. 

By mixing ODA having ,0% 02 with enual antoun, of .he Weed ai, in ,he ntixer 20 - provide 
k . wo2 which is sufficient to suppress ignition of common co.nbuat.ble 

, ♦ ♦ no 9% 021 conditions in a separate section of the cargo 
3 animals can be kept at standard (20.9% 02) conor 

For inaanco the volutne of the «go compartment of a wide-body passanger abcraft is ; 56 cubtc 
For instance, ,,,„,„ mtauK „ mea ns that the ODA flow into compartment 

25 m e,erswiunaleakagera.eofl.4m3permmue. ^ 

12mus.begrea.erthan.heleakagera.e,morder.okeepu,ef,repreven. " 

of ODA with .5.5% 02 tha, will be —sly deUvered inlo compartmen, 1 *e 
mention mode. Similar ca,cu,alions can be made accordingly lo me vo,ume of *e me, .mc, 
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Modem air separation technology allows building compact and lightweight air separate 

Suitable hypoxic modules were describe* in US No. 6,334,3,5 and 6,4,8,752 and can be 
obtained front FirePASS Corporation in New Yurie SpeciaUy designed FirePASS module 
5 producing 5 m3/min of ODA with 10% 02 can weight less than ,00 kg. 

„ case ofa frre caused b, an oxygen-carrying chemical in companmen, ,2 the bleed afr supply 
,0 the mixer 20 can be blocked by valves 29 and 30. This wi,l allow supplyrngODAwrrir.O/. 

02 directly from the module 19 into compartmen, ,2. Actually, in some cases, the bleed « 
^y into mixing chamber 20 can be eliminated together with valves 29 and 30. * tms ~ 
,0 .he^uired design concemration of oxygen in compartment ,2 wi„ be nramtamed by confrolled 
i n ,roduc.ionofbypoxicairwhblor.02,wmchispossib,ebyin-in g on=ormo,eoxygen 

hypoxic air flow into comparing ,2. This partic* design is most use*., for suppress™ fires 
incom P a rt men.,2wben,in„rder t o S aveonn J e.>eaircraftope rat ordoesno,desne,o ra n,he 

1 5 system in prevention mode. 

Modme 2, is designed singly to supply ODA having ,2% 02 into cabin , , via ventilation 
ducls 22 in case ofa cabin fire. Nonnally, modu,e 2, is cut off the bleed air supply by va,ves 
26 a,,d27,ha.openomywhe„n re incabin,,i S de,e«ed. Modules ,9 and 2, are nude 
using biological multi cell princip,e from a number of parallel units, which provides for then 
20 highest reliability. Air-separation membranes are most recommended in modules for 

suppression applications, because they are passive, have no moving parts and do no. reqmre 
any energy when no. in use. Modules ,9 and 21 are made each of multiple oxygen- 
enrichment or nifrogen-enrichment membranes connect parallel in one uni, so . famrre of 
„„e membrane does no. affect much .he performance of .he whoie dev.ee. Though, pressure- 
25 swing adsorption (PSA) uni.s are *. Perfectly suitable for .his application and can compete 

from Hypoxico Inc. aod FirePASS Co.pom.ion in New York, U.S.A Actively, ODA can 
be produced using bleed air mixed with nitrogen ft. can be generated using cryogeme 
separation of air, which is used in a new we aircraft for production of oxygen utihzed for 
30 propulsion or for feeding fuel cells in marine and ground appl.cat.ona. 
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a , a hin of a modern wide-body aircraft 1 1 has a many toes higher volume than cargo 
, Thus Urereisaneedfora.argeamonn.of.heODAavaUabieimmed.a.eiy.wh.chcanbe 

25 Various designs of such storage gainers are described in US Pare* No. 6,4,8 52 an 

JT 87 The most prefaced is a soft infl..ab,e storage bag instafled behind the cedmg of the 
«„„ , , m d oomaining sufficient amount of the hypoxic agent under a minor presatre. 

0 The reiease of the hypoxic agent from Us srorage container 25 wi,, a,,ow es« a 
^thabiefrreextinguisbingatmospheremsidecnbin „ 

needed. 

The oxygen content in this breathabie atmosphere may vary from > 5% to 12% depending on 
, 5 ^ Module 21, when in operation with va,ves 2d and 27 open, i, se. to —J"*" 

24, providing a breathab.e Are-extinguishing mixture wfrh oxygen content nom 12/6 to 15/4. 
The initial release of the hypoxic agent .torn storage 25 should create an atmosphere with 
Ratably ,2% 02 in order ,0 p^vide fas. oppression of a flame. This atmosphere „ th 

20 fltd In a few minutea by the 1 5% 02 hypoxic ah (ODA) flom — « 
anbeheptat^ievelforalongetperiodoftimcifneededAttbianmeflteOEAflomthe 

l! mile 2, or ,9 can be supplied, via respiratory masks, to the passenger, and ctew. 

TheemergencyOEAaupplyflon.2. and 19cnn be provided for as long as needed, which is 
^imlttltinacaseofasn.cunaldatnageanddep— —•^^ 
25 ft, a, c J. - a, any aicpot, and sometimes must continue its flight on htgh — * 2. 
bours The oxygen content of the OEA after the initial separation tn module 21 „ about 

Fig . ,), in order to increase the emergency oxygen content to a destred .eve, of 70-90 
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sys ,em is — y decoyed when a signa, flora sraoke and fire deteCon sys,em r«e,ved 
or a pressure transducer detects a depressurizarion of theeabtn. 

The emergency oxygen supp,y line and its components are not show, here ,. order, o keep, he 
scheme as simple as possible. 

♦ m ,«„w P As it was previously explained in the US patent jno. 
maintain the fire suppressive atmosphere, as it was picviu y y 

I;";, te , 5% 02 atmosphere a, the ancrafl cabin pres,re win be tfi suflicien, fo, human 
respiration even without OEA masks. 

empioyed instead of M o,.o protect a., compartments inciuding the cabtn 11. Inc*e fth 
It 1 ODA produced by nrodu,e ,9 wU. he supphed into cabin H, ieaving fite, taoks and 
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5 Fig. 2 show, an ahemate solution, where the module 4, can be normaUy combed . « 
th product oufle, of module 39 m in these cases can be made abou, 50% smaller and ItgMer 
JmouuieW.BothmoduiesproduceODAwrtb oxygen co„,e„,of8%-10%,ha, may be 

suppression mode) since ODA in prevention mode is reused directiy tnto compartment 
,„ u prevenrion mode, the oxygen content in cargo compartment ,2 is constancy maintained la, 
aplxiraately 12% and abou, 16% in ha animal section. I, is achieved by comrolimg ODA flow 

Iminsideoorapartmen, ,2. Oxygen ^ — k 
feedback S ,s,em are widely avaiiable flora a variety of manufacrarers mcludrag Hypoxmo 

25 New York. 

In suppression mode the eargo compartmen, is no, ve„,i,a,ed wirh ODA ft* is applied on,y into 
fuel tanks 13 and 14. 
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In session .ode, however, it wou,d retire an arr-separarion modu.e of a s,go,fica»..y 
capacny and weigh, in order .„ provide a fester dilution of «h« kMl a«mosp here of 
compartment 12 with ODA. This can be avoided by using water mist propelled by ODA. 
sra lorf 1 reisde,ec,edincompanmen„2,ODAnom M and4, i ssen.in,o, 2 v,aanop.,ona, 

water mist generating device 32 that draws water from water storage contamer 33. 
Warer mis, propetted b, ,he hypoxic air from modules 39-4. will allow confining and 

,Jyof wl mis, generating devices and noa.es on ,he marice, and a design o such a devm 
is 1 subjeca of this invention. However, «. propulsion of me water mis, wnh the hypoxte arr 
is a m of , he invented system and method. The recommended oxygen content m OD A 
proving water mis, is ,0-12% and can range from W 5% m genera, applicauons and can be 
,„„ as 1-8% in special applications. The amoun. of water in the water tank 33 should e 
calculated » be sufficient ,o produce water mis, for ,be period of rime needed ,0 estabhsh a fire- 
extinguishing level of oxygen in the protected compartment. 

Alternatively, water mi, generating device 32 can be replaced with a foam generating device 32 
arawing a foam generating solution fiom container 33. Foam propelled by ODA wr prov.de *e 

or evenbener effect as water mis,; however, i, might cause some damage to the goods or 
paasengera Such a hypoxic foam generafing sysiem is recommended for use in catgo a.rcraff 
There I a variety of foam generating solutions on me market producing fire ext,ngu,h mg f am 
, using ambient ait ot nitrogen. Any office sohmon, can he used with hypoxic art. A.*ougK .the 

prcpelled by nitrogen, but wi., never produce an environment with oxygen content lower ,han 
Lnd in hypoxic air, which is very important in use for norma.., occupied compartments. 

ana aemi.nc.osed sttuenrrea. Hypoxic water mis, or hypoxic foam produced on s„ by yeoxre 
definite part of this invention. 
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A substantial advantage of such a suppression system is that it can be equipped with extremely 
sensitive smoke and fire detectors, which is not possible with other single use systems that 
cannot afford to discharge all the agent in case of a minor emergency. Comparatively, ODA is 
always available and it provides no damage to goods or people even in combination with the 
5 water mist or foam. 

In case of a fire emergency in cabin 1 1, the valve 3 1 closes and ODA supply from module 41 is 
redirected into ventilation ducts 22 for mixing with the bleed air supplied via valves 23 and 24. 
The oxygen content of product entering cabin 11 will range between 12-15%, depending on a 
situation, and is controlled either manually or by the onboard computerized control system. 

10 As an alternative to the storing ODA in container 25 for suppression, a water mist or foam 

generating system, similar to 32-33, can be employed. Water mist or hypoxic foam propelled by 
ODA will provide an immediate control over a fire in cabin 1 1 and extinguish it far before the 
dilution of the internal atmosphere with hypoxic air is completed and the safe oxygen content 
level is achieved. 

1 5 Both systems 10 and 40 employ fire and smoke detectors, oxygen monitors, pressure transducers, 
flow regulators, release valves and other necessary components that cannot be shown here. All 
these necessary components are known to those skilled in the art and are implemented in one 
computer controlled system that may function fully automatically or with manual control from 
the main onboard computer. 

20 The smoke and fire detection system provides a signal to a main control panel that, using a data 
from an oxygen monitoring system, can deploy the release of ODA or hypoxic water mist or 
foam into a compartment not protected by the prevention system. The same oxygen content 
monitoring system allows control panel to maintain the oxygen content in protected 
compartments at the designed level. 

25 The systems 10 and 40 allow providing highly reliable and comprehensive fire safety of an 
aircraft by simultaneously keeping fuel tanks 13. 14 and cargo compartment 12 always under 
fire-preventive atmosphere and providing fast and reliable fire suppression in the cabin 1 1 when 
needed. The invented methods and systems for extinguishing fires in aircraft are perfectly 
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suitable for extinguishing fires in marine vessels and other vehicles, including spacecraft, 
submarines and ground vehicles. Obviously they can be used also in buildings, tunnels and other 
enclosed and semi-enclosed spaces. 
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